Abstract. The research of the reliability will be further into the substation level with the combination of the substation main wring and power system. In this paper, the power system reliability considering the effect of the substation main wiring reliability evaluates by two different methods which are the analytical method and the Monte Carlo simulation method. The substation main wiring is analyzed and combined into the reliability model in order to more accurately calculate the reliability of the system. In this paper, it proves the necessity of considering the effect of substation main wiring on the power system reliability by the calculation of the IEEE RTS example systems.
Introduction
The reliability of the power system is to measure the power system with acceptable quality standards and required number of uninterrupted power supply to users of electricity [1] . It is the guiding power system planning, operation, construction and management science [2] . It is important to ensure safe and reliable power supply. Grid collapse and a large area power outage will not only cause enormous economic losses, affecting the normal life of the people, but also endanger public safety, causing serious social influence [3] .The frequent occurrence of worldwide blackouts in recent years [4, 5] , make people aware of the importance of the reliability of power system more deeply.
As an important part of power system, substation is the middle link of power plants and users, and plays the role of transformation and distribution of electricity power. The safe operation of the substation has an important effect on the development of the whole power supply reliability, and even the entire national economy and the people's living standard. So the reliability level of the main wiring has a great influence on power system reliability. In order to analyse the power system reliability, it is necessary to consider the effect of substation main wiring reliability.
At present, the reliability research mainly focus on the adequacy of the transmission system. The research of the substation main wiring reliability has gradually been expanded, and the association of the substation safety and reliability of transmission system still needs to be further expanded.
Substation Main Wiring Reliability Model
The reliability model of transmission line, transformer and switch. Transmission line transformer can be in one of the following states, which are normal operation state, repairing state with fault and planned maintenance state. The state transition model can be used is shown in Fig. 1 Fig. 1 the reliability model of transmission line Fig. 2 the reliability model of breaker The reliability model of breaker. A normally closed breaker (Fig. 2) general may have the following 7 State. N represents the normal operation state. M represents planned maintenance state, and m represents the force repairing state. F the maloperation state , I represents the ground or insulation fault state, st represents the refusing action state, R represents the state of after fault restoration. The states of the breaker are merged, in order to simplify the breaker model. The maintenance states should not be combined as it is considered that the planned maintenance is not a random occurrence, but man-made plan deterministic state is. The reliability model of Relay protection. Relay protection is reflected through the breaker. Breaker executes the protection command, and the protection acts on the system by the action of circuit breaker. The consequences of the Relay protection maloperation make the same effect with the protected element with the S type fault. So the maloperation of S type failure rate can be added to the breaker in the rate of protective relay device. The new state is called the F type fault state. The reliability model of the breaker considering the effect with the relay protection fault is shown in Fig. 3 . 
Evaluation Method
In this paper, the effect of substation main wiring on the reliability of the system is evaluated by two methods. The reliability evaluation with the Monte Carlo simulation method. Considering the characteristics of each component above mentioned, the element sampled with the Monte Carlo simulation method, can be unified described as Eq. 1, Eq. 2 and Eq. 3.
In the equations, i PL represents the probability of relay protection in the refusing action, i PS represents the probability of the element in short circuit fault, i PM represents the probability of the element in maintenance the state.
i PR represents the probability of the element in fault.
All elements of the substation are sampled to simulate the fault state with the Monte Carlo simulation method. If there is a element sampled in some fault, it is analysed whether causes line outages. If there is, system elements will be regarded as the fault elements. The reliability evaluation with the analytical method. The and-order and below 3nd-order fault states are enumerated to analyse the main wiring reliability with the analytical method. The single fault states Include R state, M state, S state and RL state mentioned above. The fault states to be enumerated are the state of the single faults and the combinations of single faults.
The minimal path and element path matrix of graph theory methods are adopted to the main wiring reliability analysis [6] . No longer detailed here. With the probabilities of all fault combinations, it can be calculated the outage probability of all the lines. And the probability of the corresponding the element in the system can corrected with the Eq. 4.
The reliability evaluation of the system
The reliability model of the system. In this paper, it only considers that the generator and the transmission line only can be in operation state and fault states, and the probabilities have two-point distribution.
The states of all the elements in the system form the state vector of the x. All possible states of x in the set X is called the state space system. System connectivity analysis.By the way of the detection if the singularity of the Jacobian Matrix, it can be judged the system islanding. The numbers of will be recorded, and then the next detection continues. If the network is not split into system islanding, the evaluation of the system state will continue. Power flow calculation. Making a contingency analyze is involving DC power flow calculation, Depth-first Search for recognize of system islanding, and load curtailment calculation. In this paper, DC power flow calculation is adopted which can meet the requirements of the accuracy with smaller computational complexity and faster calculation speed. At the same time, DC power flow calculation provides convenience for the optimization algorithm
The DC power flow calculation model can be described as the Eq. 5
In this equation, Overload correction. In this paper, the linear programming is used to calculate the minimum curtailment of the load quantity. So the LINDO programming developed by Chicago University is adopted to improve calculation efficiency significantly.
Algorithm Explanation
In this paper, the analytical method and Monte Carlo simulation method are used to evaluate the effect of main wiring on the power system reliability.
The algorithm is explained by the following steps.
Step 1: Read system and substation parameters and their correspondence data.
Step 2: Set the maximum sampling number, use the system time as a random number seed initial, and then begin sampling.
Step 3: For the analytical method, enumerate the and-order and below 3nd-order fault states, analyse each fault state whether it causes the line outage. If it is, record the line outage probability, and go to Step 4. If not, go to Step 5. For the Monte Carlo simulation method, sample the elements of the substation according to the Eq. 1, Eq. 2 and Eq. 3, and then analyse each fault state whether it causes the line outage. If it is, regard the generator and transmission line of the system corresponding to the line with outage as a fault, and the go to Step 5. If not, go directly to Step 5.
Step 4: Correct the line outage probability to the corresponding generators or the transmission lines of the system according to the Eq. 4
Step 5: Sample the elements of the system, judge and evaluate the connectivity of the system in the sampling state. Then calculate the power flow according Eq. 5 and Eq. 6 and use LINDO programming for overload correction.
Step 6: Judge the sampling number whether it is bigger than the maximum sampling number. If it is, go to Step 7. If not, go to Step 4 for the analytical method, and go to step 3 for the Monte Carlo simulation method.
Step 7: Calculate the reliability index including LOLP,EENS, and etc..
Analysis of example
The IEEE RTS example system reliability is evaluated by the methods mentioned above. The system wiring is described in reference 7 and the IEEE RTS substation main wiring is described in reference 8. The maximum sampling number is 100000. Comparison of comprehensive index. The calculation results are shown in Table 1 .
Such as LOLP, EENS and the number of system islandins shown in Table 1 , the reliability indexes considering the effect of the main wiring are much higher than those not considering the effect of the main wiring. It proves that the effect of main wiring is necessary to the system reliability evaluation. Further more, the indexes are higher by the Monte Carlo simulation method than the analytical method. It is because that the Monte Carlo simulation method can detect the high-order fault states and the common mode faults which are regarded as the cause of the blackout. The indexes are closer to the real by the Monte Carlo simulation method.
Table1 Comparison of comprehensive index
The curtailment of the load quantity. The curtailment of the load quantity is shown in Table 2 . The unit is MWh. Like the reliability indexes, the curtailment of the load quantity considering the effect of the main wiring is also more higher than those not considering the effect of the main wiring, and with only some exceptions, it is also higher by the Monte Carlo simulation method than the analytical method especially from node 3 to node 10. Take the node 9 and node 10 for example. the main wiring of the node 9 and node corresponding is angle scheme, which use a breaker connecting the two angles. If the breaker is in fault, the whole substation will be in outage. The transmission lines of the system corresponding to the nodes will be in outage, too. So the curtailment of the load quantity will greatly increase. Above all, the effect of the substation main wiring on the system reliability is more significant by the Monte Carlo simulation method.
Table2 The curtailment of the load quantity
Conclusion
In this paper, the effect of substation main wiring on the power system reliability is considered which is more precise to evaluate the power system reliability. Two methods are used to evaluate the effect of substation main wiring on the power system. The results of the analysis of example prove the necessity of considering the effect of the substation main wiring on the system reliability, and the Monte Carlo simulation method.is more significant.
The main achievement also can be used to evaluate the main wiring reliability or to evaluate effect of different substation main wiring on the system. So it also can provide the basis for the choice for the main wiring. 
